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ABSTRAK 
# 
Malaysia merupakan pengeluar terbesar dan pengeksport minyak kelapa sawit di 
dunia. Sebanyak 52% daripada jurnlah minyak di eksport pada tahun 2006. Masalah 
pembaziran minyak kelapa sawit daripada industri semakin meningkat. Di samping 
itu, kerajaan juga mengalami masalah apabila terpaksa memperuntukkan lebih 
banyak tapak pelupusan bagi melupuskan konkrit iaitu salah satu sisa pembinaan. 
Kini, pembaziran minyak sawit berpotensi untuk digunakan dalam bahan binaan 
sebagai bahan tarnbahan untuk simen. Berdasarkan kajian literatur aggregat kitar 
semula adalah agregat yang diperolehi daripada pemprosesan bahan-bahan yang 
sebelum ini digunakan dalam produk atau industri pembinaan dan POFA adalah 
produk yang dihasilkan dari kilang minyak sawit. Objektif utama kajian ini adalah 
untuk menentukan penyerapan air dan kekuatan mampatan konkrit agregat kitar 
semula yang mengandungi POFA. Terdapat 12 siri campuran konkrit aggregate kitar 
semula dengan campurau POFA sebagai bahan tambah untuk simen dinyatakan 
sebagai POFA-0%, POFA-lo%, POFA-20%, POFA-30% and RA-O%, RA-50% and 
RA-100%. Ujian keruntuhan konkrit dijalankan untuk menentukan prestasi konkrit 
segar. Ujian kekuatan mampatan clan ujian penyerapan air diuji selepas proses 
pengawetan sehingga umur 7 dan 28 hari untuk konkrit keras. Keputusan ujian 
menunjukan bahawa konkrit agregat dikitar semula yang mengandungi POFA 
mempunyai penyerapan air yang rendah dan kekuatan mampatan yang tinggi 
berbanding dengan konkrit agregat dikitar semula tanpa POFA. Nilai optimum 
pertambahan POFA adalah 30% dalam bancuhan 100%NA, dimana ia menghasilkan 
nilai kekuatan mampatan yang tinggi dan penyerapan air yang rendah. 
ABSTRACT 
,' 
Malaysia being the largest producer and exporter of palm oil in the world, accounting 
for 52% of the total world oils and fats export in year 2006. The problem wastage of 
palm oil industry was increasing. In addition, the government also faced problems 
when forced to allocate more landfill for the disposal of concrete, one of the 
construction waste. Nowadays, the wastage of the palm oil a potential to be utilized 
as construction material as additional material to cement. Following a through 
literature review, recycled aggregates are aggregates derived from the processing of 
materials previously used in a product or in construction industry and POFA is a by- 
product in palm oil mill. The main objective of this study is to determine the water 
absorption and compressive strength of recycled aggregate concrete containing 
POFA. There are 12 series of concrete mix with POFA and recycled aggregate used 
as additional material to cement were indicated as POFA-0%, POFA-lo%, POFA- 
20%, POFA-30% and RA-0%, RA-50% and RA-100%. The slump test was 
conducted to determine the performance of fresh concrete. The hardened concrete 
will be testing its compressive strength and water absorption of POFA- concretes due 
to 7 and28 days of water curing ages. The results revealed that POFA- recycled 
aggregate concrete has lower water absorption and higher compressive strength 
compare with recycled aggregate concrete without POFA. The optimum additional 
POFA was 30% for concrete made from 100%NA produced a higher compressive 
strength and lower water absorption. 
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CHAPTER1 
INTRODUCTION 
This chapter describes the objective and scopes of the research as well as the structure of 
the thesis. 
1 .  Background of Study 
Malaysia being the largest producer and exporter of palm oil in the world, accounting for 
52% of the total world oils and fats export in year 2006 (Surnathi et al.,2008). Thus, it is 
expected that millions tomes of palm oil waste will be produced annually due to its 
productivity. This made Malaysia has been facing problem in disposing palm oil fuel 
ash, a by-product of palm oil mill since many years ago. Due to its huge amounts of 
waste, government needs to allocate more hectares of landfill for disposal and spends a 
lot of money for transporting the waste and also maintenance purposes. However, by 
recycling the waste material, it can reduce the dumped waste as well as to ensure 
environment sustainability. Nowadays, the wastage of the palm oil a potential to be 
utilized as construction material as additional material to cement. 
The recycling of Construction and Demolition Wastes has long been recognized 
to have the potential to conserve natural resources and to reduce energy used in 
production (Murali et al., 2012).In some countries it is a standard alternative for both 
construction and maintenance, particularly where there is a shortage of construction 
, 
aggregate. The benefits and weaknesses of using recycled aggregate in concrete have 
been broadly studied. 
The uses of recycled aggregates generally increase the drying shrinkage and 
creep and decrease the compressive strength and modulus of elasticity of concrete 
compared to those of natural aggregates concrete. 
I 
Nowadays, the use of recycled materials as concrete ingredients is gaining 
popularity. Since Malaysia being the largest producer and exporter of palm oil in the 
world, the wastage of the Palm Oil Fuel Ash (POFA) can be used as additional material 
to cement 
Palm Oil Fuel Ash have the potential to be used as recycle construction materials 
as pozzolans, POFA is the ashes produced from husk fibre and shell of palm oil burning 
by generation plant boiler which generate energy to be used in palm oil mill in order to 
extract palm oil. POFA is having a high pozzolanic material and it is not just can be used 
as additional material to cement but also can increase the compressive strength and 
durability of concrete. The applications of pozzolans in concrete give better result in 
30% optimum mixing which is more 10% better than the normal concrete. ASTM C 
61 8-92a has classified POFA in Class C as chemical analysis. 
Generally the problem wastage of palm oil from palm oil industry was increasing. The 
discharge of this high organic waste will cause negative impact to the environment. 
C 
Wastage fiom palm oil are not reused and recycle in any works, so the wastage can be 
used of recycled aggregate containing POFA as additional material to cement. In 
addition, the government also faced problems when forced to allocate more landfill 
forthe disposal of concrete one of the construction waste, the ways of disposing of these 
large amounts of waste used to be dump them in landfills. The construction industries 
find ways of substituting recycled concrete aggregates for natural aggregate. There are 
many studies about the use of recycled C&D waste in general and concrete particular. 
1.3 Objective of Study 
The objectives for this study is as followed: 
i) To determine the compressive strength of recycled aggregate concrete containing 
POFA. 
ii) To determine the water absorption of recycled aggregate concrete containing 
POFA. 
1.4 Scope of Skdy 
The recycled aggregate used in this concrete mix for this study is in the range of 25MPa 
- 30MPa. This study concentrated on investigation of cony,ressive strength and water 
absorption of recycled aggregate concrete containing POFA and compared to natural 
concrete as a control mix. There are 12 series of concrete mix with POFA and recycled 
aggregate as additional material to cement. The POFA and recycled aggregate were 
indicated as POFA-0%, POFA-lo%, POFA-20%, POFA-30% and RA-0%, RA-50% and 
RA- 100%. 
The slump tests were conducted to determine the performance of fresh concrete. 
The hardened concrete will be testing its compressive test and water absorption test at 7 
and 28 days. 
LITERATURE REVLEW 
Chapter 2 provides a review of relevant literature, overview of recycled aggregate and 
palm oil fuel ash. This chapter also discussed the previous investigation and testing done 
with recycled aggregate concrete containing palm oil fuel ash (POFA). 
2.1 Introduction 
Concrete made with such recycled concrete aggregate is called recycled aggregate 
concrete (RAC). Recycled aggregates are aggregates derived fiom the processing of 
materials previously used in a product and or in construction industry, for examples 
recycled concrete fiom (C&D). Recycled aggregate has been used as a replacement of 
the natural aggregate for a number of years. Recycled aggregates are a way of reusing 
materials by keeping them fiom being disposed into landfdls. 
Recycled Aggregate Concrete (RAC) is an efficient way to alleviate the burden 
on landfill areas. Since RA is generated fiom concrete debris which has undergone years 
of services, the resulting RAC bears the weaknesses of lower density, higher water 
absorption, and higher porosity that limit them to lower-grade applications (Tam et al., 
, 
2007). 
Recycled aggregates have generally lower density than the original material 
used, because of the cement mortar that remains attached to the aggregates particles 
(Mirjana et a/. ,20 1 0). 
The use of recycled aggregate generally increases the drying shrinkage and creep 
and decreases the compressive strength and modulus of elasticity of concrete compared 
to those of natural aggregate concrete (Murali et al., 2012). It can be concluded that, 
concrete produced with RCA is generally of lower quality natural aggregates. 
Most reductions in strength found for concrete made with recycled coarse 
aggregate were in the range fkom 5 to 24 % compared with concrete made with virgin 
aggregate. When both coarse and h e  aggregate were obtained h m  recycled concrete, 
the strength reductions ranged fiom 15 to 40%, compared with concrete made with only 
naturally occurring materials. Thus, most of the strength loss is though to be due to the 
portion of the RCA that is smaller than 2 mm Hansen (1992). RCA also causes a 
reduction* elastic-modulus, larger creep and shrinkage deformations, as well as higher 
permeability of concrete. The main reason that choosing the structural building as the 
source for recycled aggregate is because there is a huge amount of crushed demolition 
Portland cement concrete can be produced. 
High quality recycled aggregates are produced by starting with clean concrete or 
asphalt rubble, fiee of dirt, clay, wood, plastic, organic materials, and trash. Once rubble 
is sorted it enters a jaw or cone crusher that breaks the oversized rubble into 
predetermined sizes that are then processed to produce specification aggregates. 
A large screen separates products as they exit the crusher. Screens have varied 
openings in which the aggregate must past through. Contamination elimination is 
obtained by pre-sorting, water flotation, air separators, electromagnetic separators, and 
hand picking. The machinery used in the recycle process can be stationary for long term 
# 
use or portable allowing for recycling to be done on location saving time and reducing 
project costs. A typical crusher and screen can each process up to 250 tons per hour, 
often times screening three or more products simultaneously. 
The amount of pressure and stress the recycling process puts on the reclaimed 
aggregate tests the aggregates strength. Aggregates that are not strong enough to 
withstand the process end up exiting the screen as a material called "fines" which can be 
used for structural fill. Many of the states that presently accept recycled aggregates have 
specific gradation requirements. However, since gradation requirements can vary fiom 
state to state recycled aggregates should typically adhere to national regulation standards 
set by The American Association of State Highway and Transportation Officials 
(AASHTO) and American Society for Testing and Materials (ASTM). 
Advantages of recycled aggregates, that recycled aggregates can provides 
sustainability and reduces the amount of material that would be delivered to a landfill. 
Any metals that can be removed fiom the aggregate can be disposed properly, absorbs 
large amount of carbon dioxide while being crushed into smaller sizes and reduces the 
amount of carbon dioxide (COz) in the atmosphere. The use of recycled aggregate also 
can save money for local governments and other purchasers which create additional 
business opportunities save energy when recycling is done on site 
2.2 Properties of Recycled Aggregates 
2.2.1 Size distribution 
# 
Generally, a series of successive crushers are used, with over size particles being 
returned to the respective crusher to achieve desirable grading. The best particle 
distribution shape is usually achieved by primary crushing and then secondary crushing, 
but fiom an economic point of view, a single crushing process is usually most effective. 
Primary crushing usually reduces the C&D concrete rubble to about 50 mrn pieces and 
on the way to the second crusher, electromagnets is used to remove any metal impurities 
in the material (Corinaldesi et aE., 2002). 
The particle shape analysis of recycled aggregate indicates similar particle shape 
of natural aggregate obtained fiom crushed rock. The recycled aggregate generally 
meets all the standard requirements of aggregate used in concrete 
2.2.2 Strength 
Though researchers have reported a reduction in strength in recycled aggregate, it should 
be noted that the extent of reduction is related to the parameters such as the type of 
concrete used for making the recycle aggregate(high, medium or low strength), 
replacement ratio, waterkement ratio and the moisture condition of the recycled 
aggregate (Crentsil et aE., 2001). For example, Katz (2003) found that at a high 
waterkement ratio between 0.6 and 0.70, the strength of recycled aggregate is 
comparable to that of reference concrete even at a replacement level of 75%. 
Rao (2005) found the strength of recycled aggregate and reference concrete to be 
comparable even at 100% replacement, provided that the water-cement ratio was higher 
than 0.55. However, as the water - cement ratio is reduced to 0.40, the strength of RAC 
was only about 75% of the reference mix Rao (2005). 
I' 
2.2.3 Water absorption 
The water absorption in recycled aggregate ranges fiom 3 to 12% for the coarse and the 
fine &actions Rao (2005) with the actual value depending upon the type of concrete used 
for producing the aggregate. It may be noted that this value is much higher than that of 
the natural aggregates whose absorption is about 0.5-l%.The high porosity of the 
recycled aggregates can mainly be attributed to the residue of mortar adhering to the 
original aggregate 
2.3 Performance in water absorption test of RCA 
Based on the previous work, a comparative analysis of the experimental results of the 
properties of fresh and hardened concrete with different replacement ratios of natural 
Z 
with recycled coarse aggregate is presented ( Malesev et al., 20 1 0). 
Recycled aggregate was made by crushing the waste concrete of laboratory test 
cubes and precast concrete columns. Three types of concrete mixtures were tested: 
concrete made entirely with natural aggregate (NAC) as a control concrete and two types 
of concrete made with natural fine and recycled coarse aggregate (50% and 100% 
replacement of coarse recycled aggregate). Ninety-nine specimens were made for the 
testing of the basic properties of hardened concrete. Measured water absorption of 
concrete RO, R50 and Rl  00 at age 28 days are shown in Table 2.1. Water absorption of 
concrete RO, R50 and Rl00 was tested on 15 cubes. 
Table 2.1 : Other properties of hardened concrete at age of 28 days 
(Malesev et al., 20 10) 
Based on analysis of water absorption values, it can conclude that the lowest 
water absorption was registered in concrete RO and the highest in R100. Concrete R50 
has 22% higher absorption, while concrete RlOO has 44% higher absorption than control 
concrete RO. 
Concrete Type 
Water absorption (%) 
Splitting tensile strength @Pa) 
Flexural Strength (MPa) 
Wear resistance (cm3/50 cm) 
Modulus of elasticity (GPa) 
Bond between mild reinforcement and concrete (MPa) 
Bond between ribbed reinforcement and concrete (MPa) 
RO 
5.61 
2.66 
5.4 
13.40 
35.55 
6.48 
8.22 
R50 
6.87 
3.20 
5 -7 
15.58 
32.25 
5.87 
7.50 
RlOO 
8.05 
2.78 
5.20 
17.18 
29.10 
6.76 
7.75 
2.4 Performance in Compressive strength test of RCA 
The research fiom department of structural engineering, &culty of engineering Cairo 
university, Egypt have done thee research in development of high performance green 
concrete using demolition and industrial wastes for sustainable construction (Sadek et 
al., 2001) 
This study was conducted to investigate the feasibility of recycling air-cooled 
slag (ACS) as a substitute of natural coarse aggregate on the strength and durability of 
high performance concrete containing natural aggregates or a blend of natural aggregate 
sand recycled concrete aggregate (RCA) as a new approach to massively recycle these 
wastes for sustainable construction. The strength of concrete was evaluated by assessing 
compressive test. 
The results indicated that it is feasible to produce high performance concrete 
with satisfactory properties by using recycled aggregates and supplementary cementing 
material This test was conducted according to European Standard EN 2390-312001 using 
100 mm cubic specimens. The test was carried out using a 2000 kN compression testing 
machine and a loading rate of 0,6MPa/s. The result compressive test as shown in Table 
Table 2.2: Hardened concrete properties 
(Sadek et al., 2001) 
Table 2.2 demonstrates the compressive strength of concrete mixes. The 
compressive strength of concrete mix M2 (containing 25% RCA) was slightly lower 
than that of the control concrete, while the use of RCA decreases the compressive 
strength of concrete 
Mix 
ID 
M1 
M2 
M3 
M4 
M5 
Compressive 
strength. MPa 
56.2 
55.4 
64.1 
56.8 
70.3 
Coarse 
aggregate type 
100% NA I' 
75%NA + 25%RCA 
1 OO%ACS 
50%NA + 25%RCA + 25YoACS 
5WNA + 25%RCA +25%ACS 
Average loss of 
thickness due to 
abrasion.mm 
0.72 
0.71 
0.61 
0.67 
0.26 
Permeability 
coefficient, 
d s  
3.54 
4.10 
3.88 
3.96 
3.05 
2.5 Origin of PBFA palm Oil Fuel Ash) 
Palm oil fuel ash (POFA) is a by-product in palm oil mill. It is a waste obtained from 
burning palm oil fibres, shells and empty h i t  bunches as fuel to produce steam for 
generating the electricity for palm oil extraction process. Generally, POFA is disposed 
as waste in landfill. POFA is a hazardous materials but it has been proven to have 
pozzolanic properties fiom the previous research (Awal and Hussin, 1997; Chindaprasirt 
et aZ.,2007). It is highly reactive and can be used as an additional material to cement for 
building construction materials. 
Besides that POFA can be considered an environmentally-friendly as additional 
material in cement when it is used in concrete production. Many studies have been 
conducted on different industrial waste products in order to determine the effectiveness 
of their use as a partial additional material to cement in concrete. Since Malaysia being 
the largest producer and exporter of palm oil in the world, therefore more ashes will be 
produced and failure to find any solution in making use of this by-product will create 
severe environmental problems. 
The physical properties of it and chemical analysis indicate that POFA is 
categories as pozzolanic material. POFA is grouped in-between Class C and Class F as 
specified in ASTMC681-92a. In additional, the POFA optimum particle size is 10 pm 
that enables it to highly react as a unique as additional material in cement for building 
construction materials. 
Many research have proven that POFA is able improve the properties of concrete 
in terms of compressive strength, drylng shrinkage, water permeability, alkali-silica 
reaction, carbonation resistance to chloride penetration and sulphate resistance (Altwair 
and Kabir, 2010). 
In most cases, the chemical elements of oil palm ash are found to be silicon 
dioxide, aluminum oxide, iron oxide, calcium oxide, magnesium oxide, sodium oxide, 
potassium oxide and sulphur trioxide, fluctuating upon the varieties, soil chemistry, 
timeliness of production and agronomic practices in the oil palm growth process (Awal 
# 
and Hussin 1997; Jaturapitakkul et al., 2007; Chindaprasirt et a1.,2007; Sata et a1.,2007; 
Tangchirapat et a1.,2009). 
POFA is an agro waste ash that contains a large amount of silicon dioxide and 
has high potential to be usedas a cement replacement. For producing high-strength 
concrete, POFA can be used as a pozzolanic material; it improves the durability, reduces 
cost due to less use of cement. It will also be beneficial for the environment with respect 
to reducing the waste disposal volume of landfills (Tangchirapat et al., 2009). POFA 
contains the silica oxide that can react with calcium hydroxide (c~(oH)~) generated 
fiom the hydration process; and the pozzolanic reactions produce more calcium silicate 
hydrate (C-S-H) gel compound as well as reducing the amount of calcium hydroxide 
(Eldagal et al., 2008). Thus, for the concrete production, POFA contributes to make 
stronger, denser and more durable concrete. 
2.6 POFA as a Pozzolanic Material 
Malaysia being the largest producer and exporter of palm oil in the worlds. To date, 
there are more than two hundred palm oil mill plants operating in the country that are 
# 
self sufficient industry as far as energy utilization is concerned. On average, 43 tonnes or 
more empty fiuit bunches, fibres and shells are generated per 100 tonnes of fiesh fruit 
bunches processed. It has been approximated that the total solid waste generated by this 
industry has amounted to more than 8 million tons a year (Rashid and Rozainee, 1993). 
The palm fibre and shell obtained as waste products by the industry are generally 
used as boiler he1 to produce steam for electricity generation and palm extraction 
process. The ash produced by burning palm fiber and shell is considered to be a waste 
product, the disposal of which causes lot of problems. As a normal practice this ash is 
dumped into wastelands behind the mill. Experimental laboratory studies, however, have 
shown that this ash has good pozzolanic properties that make possible the replacement 
of cement in mortar and cement mixes. Although identified with various name namely 
palm oil fly ash (Samsun and Subbiah, 1997) and oil-palm ash Tay (1 990). 
2.7 Chemical Composition of POFA 
According to Rukzon and Chindaprasirt (2008), the main chemical components of 
POFA are 63.6% of silicon dioxide (SO2), aluminium oxide (A1203) and iron oxide 
(Fe203) is 66.6% which is slightly less than 70% as required for natural pozzolan 
according to ASTM C618-08a. However, the chemical composition can vary depending 
on the different palm oil mill. 
Table 2.3 showed the chemical composition of POFA from eight different palm 
oil mills in Johor. As we can see Pekan palm oil and Trong palm oil mill contain the 
highest percentage of silica (SiOa) about 71.20% and the lowest SiOz content of POFA 
is from Kluang mill about 49.20%. Otherwise, Masai palm oil mill and Kluang contain 
the highest sulphur trioxide (SO3) which about 1.76% and 1.73%. 
Table 2.3:The chemical composition of POFA fiom 8 different palm oil mill in Johor 
Galau (20 1 0) 
2-8 Performance in compressive test concrete containing POFA 
One research from the previous study has done with compressive strength of Palm oil 
fuel ash concrete. The objective of this study is to investigate the compressive strength 
I 
of POFA in different replacement level and also compares with control mixture and 
other types of pozzolans with 15% replacement of OPC, namely quany dust and fly ash. 
The compressive test was investigated and the results are shown in Figure 2.1, 
compressive strength versus age for different level of POFA replacement. From the 
figure above, 15% of POFA in concrete mixture produces concrete the strength of 
48MPa, the same strength obtained by control mixture. The compressive strength 
obtained by 5 and 10 percent of POFA gave compressive strength less than targeted 
strength of 40 MPa. This shows that replacement of 15 percent gave optimum strength 
which is the same strength obtained by the control concrete. 
A OPC -t 10% PQFA 
Figure 2.1 : Compressive strength versus age for different level of POFA replacement 
METHODOLOGY 
The methodology is a guideline to ensure the processes of the study were carried out as a 
planned. 
Well planning will contribute the smoothest of the study and completed within 
the time fkame. The methodology also leads the study always in line the scope of study. 
Hence, it is easy way to describe the whole process that related to the study. Figure 3.1 
as shown the summary flow of study that must be carried out sequentially to achieve the 
objective of study: 
3.1 Introduction 
Figure 3.1: Work frame of methodology 
3.2 Jhperimental programme 
The testing for the durability of concrete is very important in the civil works. For this 
study, two experiments will be conducted which are compressive test and water 
absorption. Compressive test is for measure its compressive strength. The specimen is 
test after 7 and 28 days.. 
Test measures water absorbed by an immersed core sample. Results represent not 
only the exterior face but also the properties of the interior cut faces created by coring. 
Table 3.1 shown sample dimension and total of sample for this experiment programme. 
I 
Table 3.1 : Experiment Programme 
3.3 Preparation and selection of concrete material 
Proper preparation and selection of material is very important as it may affect the 
strength of hardened concrete. 
r 
Test 
Compressive Test 
Water Absorption Test 
3.3.1 Cement 
Sample Dimension 
10Ommx 1OOmrnx 10Omm 
l00mmx l00mmx 100m 
Test Age (Days) 
In this study, the cement used for the concrete mix was Ordinary Portland cement 
(OPC). 
7 
36 samples 
36 samples 
POFA is collected fiom one of the palm oil factory in Kota Tinggi, Johor. 
28 
36 samples 
36 samples 
Figure 3.2: Palm oil fuel ash (POFA). 
3.3.3 Sand 
A properly graded river sand which is washed to removed deleterious materials and 
chloride contamination is used as a fine aggregate. 
# 
3.3.4 Recycled aggregate 
Recycled concrete aggregate was produced by cmshing of old concrete cubes used. The 
strength class of old concrete cubes was C25130. Cubes can be found mainly outside the 
lab faculty civil engineering. The crushing was done with pneumatic hammer, this 
crushing process control activities to obtain the desired aggregate size. In this study, the 
aggregate size used for the purpose of concrete mix is 20 rnm.. Table 3.4 showed 
physical properties of NA and RA. 
Figure 3.4: Recycled concrete aggregate before-and after sieve 
3.3.5 Water 
Portable water available in laboratory was used for mixing and curing the concrete 
specimens. 
3,4 Aggregate Impact Value tested 
Impact value of an aggregate is the percentage loss weight of particle passing 2.36 mm 
sieve by the application on load by mean of 15 blows of standard hammer and drop 
under specified test condition. Aggregates impact value test is to determine the 
aggregate impact value of concrete of recycled aggregate and natural aggregate. The 
recycled aggregate and natural aggregate should passing through 12.5 mm and retained 
on 10 mm. 
3.4.1 Procedure aggregate impact value test 
i) Preparation of sample 
ii) The test sample should conform the following grading 
iii) Sieve the aggregate and obtain the portion passing 12.5mm and retained on 
1 Ornm sieve 
Figure 3.4: 10 rnm and 12.5 mm sieve. 
iv) The sample should be oven- dried for 4 hours at the temperature of 105 to 11 0°C 
v) Fill this aggregate in the cylindrical measure in 3 layers, tapping each layer 25 
times with the tamping rod. Level the surface tamping road as a using the straight 
edge 
Figure 3.5: Process tapping each layer 25 times with the tamping rod. 
i) A further similar quantity of aggregates should be added and further tamping of 
25 strokes given. The measure should finally be filled to overflow, tamped 25 
times and the surplus aggregates struck o e  using a tamping rod as a straight 
edge. The net weight of the aggregates in the measure should be determined to 
the nearest gram (Weight 'A') 
Figure 3.5: The net weight of the aggregates measure. 
3.4.2 Procedure to determine aggregates impact value 
i) The cup of the impact testing machine should be fured firmy in position on the 
base of the machine and the whole of the test sample placed in it and compacted 
by 25 strokes of the tamping rod. 
ii) The hammer should be .raised to 380mm above the upper surface of the 
aggregates in the cup and allowed to fall fieely onto the aggregates. The test 
sample should be subjected to a total of 15 such blows, each being delivered at 
an interval of not less than one second. 
Figure 3.6: The test sample subjected to a-total of 15 such blow. 
3.4.3 Reporting the results 
i) The sample should be removed and sieved through a 2.36 mm. The fiaction 
passing through should be weighed (Weight 'By). The fiaction retained on the 
sieve should also be weighed (Weight 'C') and if the total weight (B+C) is less 
than the initial weight (A) by more than one gram, the result should be discarded 
and a fkesh test done. 
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